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<54) Method of preparing a silica glass member 

(57) A method of preparing a silica glass member comprising the steps of: 
drying a sol solution containing a silica compound so asto form a dry gel 
obtaining a glassor a glass precursor member by closing pores in said dry gel, and 

...h^Sr.'."^ a silicaglass member by heating said glassorglass precursor memberto a selected temperature 
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Method of preparing a sHica glass member 
^ ^*SSlf." ""^'^"^ of preparing a silica glassmember. 

siIfcaglassisexpectedtoexpandm;rean'Co;^^nthe^^^^^^^^ 
0980,bv,.ogamiet^l.-Jour„a^ofN;^^^!S 

Patent Application Serial No. 642,606 by Toki et al rcorr<=cn«„H oZ * b u L ' ^ Rabinovitch et al. U.S. 
and U.S. Patent Application Seria l No 826 527 ht M^t w "^ *° ^^^^"^ Application No. 84/18301 ) 

No. 86/03421 ). °' *^ fcorrespondlng to British Patent Application 

an organicsolventat 
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Puntyof thesiHca glass S"^^""' ® Rablnovftch 

Cost of raw material n a ^ ^ 

35 Yield V ^ ^ ® 

Size X S ® O 35 

Mass-productivity y a ® ^ 

^ A (g) Q 

40 J eSe^^^^^ ^^''''^ ^^^'^ ^^""^ following meanings: 

O good 40 

^ satisfactory. 

^ unsatisfactory 

usingacleanenvlronmem!K^rldS^^ 

su^brsaxs 

temperatureforapredLrmS^Sof?ime " ""^^ 
ThemvenfonenablesasHicaglassmemberofopticallyhlghqualitytobeproducedwhichcanbeusedasa 65 
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30 



solutlonofalMsllicatehydroIyzedwithanacidreagentanTpS^^ 
Preferably the particulate silica has a mean particle diameter between 0.01 and 1 .0 microns ^° 

IS^^Agasburnermaybeusedforheatmgsaidglassorglassprecursormembertothesaldselectedtempera- 

fJIllt^^ 7^'^^^ precursor member may be heated to the said selected temperature by means of a hiah 
temperature urnace having a graphite, a tungsten or a molybdenum heating elemert^ 
Alternatively, the glass or glass precureor member may be heated to the said selectL tPmn»r.t ^ 

The said spacer means may alternatively be constituted by a powder which is hard to sinter Th,.c tho 
powdermaybealumina.zirconia.orsillconnitride. °«rwnicnisnaratosinter.Thusthesaid 

safds"pTctrm°IrnL''''''°'''"'"'''"'"'"°^""'"''^^^ 
30 The said glass or glass precursor member or members may foe moulded bv usina a casting of H».ir»H 

^%r^:Ver=?^^^^^^^^^^^ 
t^H^ri?" 

coa\rrrhTh'2;s^^^^ so 

m^thnrt yi';*''^''^ some inclusions, defects and so on in the silica glass manufactured by thesol-ael 
me hod whatever may be the components of the sol solution. These defects arise from - 
55 l\ n^fJT'" ""i"^":!?' ?'«'"P'e' dust mixed in the raw material and the sol solution 
2 Defects produced bythebumingoutoftheorganicinclusions, ''"'""O". 

3) iviicro-cracks occurring atthe time of shrinking 

4) Bubbles or blow holes included atthe time of gelation or produced during the sinterina steo 
60 f ^^'"""'=°^9"'3*«d material which is insufficiently sintered 

Moreover.thedefectsof(2),themicrocracksof{3)andthebubblesof(4)andsoondis8ppearduringthe 65 
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S lm.rfaceofI,|,nd,hellirLglaSpp3a°dS™^^^ 

10 ^*"ce the melting point of silica is 171*^0/^ #-1*1-. 

ing process, the high'^quality of the si fca g^^^^ "'"'^'^ is maintained in the manufactur- „ 

anadequateimprovementatatemperatSeonl^^^^^^ 

employed in the present Invention starts at a°"mSratS e ?f at e^^^^^^^ h.gh temperaturetrBatment 

consumption of energyandthecharactensticJS^Snace Ho^^^ 

Hor^r^SstToVS^^^^^^^^ 

largebubbles: ^^^^®*"°=®'*''y°"«°^*^«'o"o«'ingmethods,theporesgrowintovery 
20 2! sISerino InH "1°^!"^ '^'^ atmosphere, 

ca^i^dSlS^^^^^^^^ 

and the operatiL thereof ?s easy SoweC^r K^^^ 
very difficult and the difference tetw^en the tem^^^^^ 

30 ^"elir '^.-^^^^^^^^ 



c^^ , " ' ""''SUfiaDieTor mass-production 

.iKers^drsreraLTere?^^^^^^ 

example, thisfurnaceisused in the atm^sorer^wt^llX^ isdifficultinthatfor 
control is assured and high quX silS qlasrcanbrma^^^^^^ 
temperaturefurnacecan also be uLed as a hSh 
35 the heating elements, which is usefurf^r mass p%X^^^^ 

hydrarb^g^sTu^rj^^^^^^^^^^^^ 
cm7x^({::?t"%"2t:^^^^^ 

40 addition to stable quality To satisfvboth ofS^^^ (15.24cms) x 0.12 mch (0.30 cms) isrequiredin 

inwhichgraphite'tungstenorr^o^bdrnum^s^u^^^^^^^^^ ^ 
treated in the half fused state, the samples Tre liable to Je weWpH?n h * ''"^^^ ^^^e samples are 

cracksand transformation. Therefore,itisd2iabletoo^^^^^^ 
andthesamplestoavoidthecrackranit?ansfo^^^^^^ 

differencebet^entheexpaSnToSLntsS^^^^^^^^ 
displacement of the isolating layer, therel^^ prev^^^^^^^ 

though a part of the isolating in JiTr^Vl^.t^^ preventing the cracks and the transformation. Moreover, even 
SO remoleitbywasNngorS^^ 

layer.thehandlingbecomerr^ucheasferand^^^^^^^ 50 
layer is provided between rnS^JeTHd anoth//^^^^^^^ ' '""'"""^ 

inthefumaceissubstantiallyimpTotd,To^^^ 

55 heat»ete:tXr^^^^^^ 

accordinglvdeterioriaterThJr^fnr^^^^ 
Silicon nit7deS:re\"X'S:d:^ 

sample is hard to remove. ^ "^^^^ ^s the isolating layer. However, any powder which adheres to the 
productmaybe moulded attheVmeSSonlCrtJ^^^^ 

high temperature treatment Fo,«l!.^fi u ^'^'^ermore. it is also possible to mould the gel during the 
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15 
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15 



r>rnHM.l^H''?f-'*^f 'O"' whether flat or not, is used, an extremely precise moulding can be 

produced It IS also possib e to apply pressure to the samples by a press device provided in the furnace"nstead 
of depending upon the weight of the sample itself. "v.oea m tne lurnace instead 

h Jltlf '""^ V""^^.*^^" manufactured, it would be more efficientto use a ring burner or a rina 
heater Whenthe centra portion ofthe rod ortube is heated to the hightemperature with both ends o^^^^^ 

S^Sm «Sh ?h ^^^;":P°«/"*^^^" the Invention is used in connection with the production of tS^ 
preformandthesupporttubeofanopticalfibre. "iiuniie 
If the glass or glass precursor member is heated to the selected temperature between 1 500 and 2200''C anH 

h^ghtempe aturetreatmentmay be gradual orthere may be annealing afterrapid cooling Thus i!.ttie 

TJemajor(^^fferencesbetweenthepresentinventionandthefusingmethodareasfollows:-t^^^^^^^^ 
s.l,caglass Itself has been already mouldedbythesol-gel method of the priorart, the leSom 

time of high temperature treatment. A heat-treatment is similarto an annealing treatmentto remove distortion 

mouldab.l,ty,wh.chcannotbemanufacturedbythepriorartsol-gelmethod,canteproducS Further the 
present .nvent.on providessuch a silica glass atthe lowercostthan in the priorart ''"^her.the 

«rio= ^^LT°''®;vf '""'*"^°'"PO?ent series glass such as, for example, an alkali-proof glass ofthe SiO,-ZrO, 
25 qualityand at low cost bythe use ofthe present invention h "»>ucuwunnign 

^n^lo?"'"."^' optically high quality silica glass which can be used as a photo masksubstrate 
and as a preform for an optical fibre can be supplied at a low cost in large quantities masKsubstrate 
The invention is illustrated by the following Examples. 

30 Example 1 

of ethyl silicate and 360ml of 0.05 normal hydrochloric acid solution were mixed together and stirred 
^4 2 wffinof '■-'"•^"^ transparent uniform solution. The pH ofthe solution so obaS was adjusted 
to 4.2 with 0.1 normal ammonta water and then the solution was filtered through a filter having holes whosr 

nTin f were20cms in width, 20 cms in length and 10 cms In height). Thesolution was geMedand 35 

dnedfortendaysatatemperatureof60»Cinthesaidcontainerwhichwascoveredw!thar^^^^ 35 
tZTV"^ 0.5%of thesurface area ofthe lid, thereby obtaining a water-whitetransparent^ry gel ^ 
The dry gel was Placed m a gas displacementfumace and the temperature thereof was raised to 700°C ata 
40 amrnVom/min^^^^^^ became700-C, pure helium gas was introSicedfn an 

f/"°""t of 1^/m.n into thefumace, thetemperature was raised to 900°C at a heating rate of lO'C per hour and 40 

thedrygelwasma,ntamedat900'Cforonehour.Asaresult,thedrygelwasmadeTntoace^ar£ 

whosespecificgravrty was2.20.Thesi2ethereofwas8cm X 8cm X 0 5cm. OnlyafewinduSs^^^^ 

having a diameter of a few microns were detected. >bw inclusions in tne member 

45 r,tSLnll °^;.f^^^^t"'"^'' ^" "'^y^Vdrogen flame was applied to both sides ofthe silica glass memberso 
heated to an almost uniform condition. As a result, no inclusions were detected by a microscope havina a 

50 remove the distortions. Thesiiica glass memberso obtained was mirror-polished into a glass men^Le?of2mm 50 
dark room. However, there were no reflectance points. -'".^^u lu^ m a 
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Example 2 



rOmnntotTv!!^l^°h!f'^'*™°^^ 
440ml in total volume by using a rotary evaporator. The said sol solution was filtered by means of a filter 

60 thTc rrfl "'^"^^i^:- SO^'" 'l^Pth) made of polypropylene having a lid with openings amoun«nfl to i%of 

rat?of eS^C oer°hnu Th 7' "T'^ ' " ' """"""^ ^"'^ temperature was raised to 900-? at a heating 

rate of 60 C per hour. The atmospheric pressure in the vacuum furnace was lowered to less than 1 Torr bv 

SSi^oSrAff'Th^ 
es ^P«,^^'°"'^ Afterthedrygelwasmaintalnedatthetemperatureof1200°Cforonehour a 

65 v.tnficat.onofthedrygeloccurred.Thesp8cificgravitythereofwas2.20andasni;ag?^^^^ 65 
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5 •ndthen,h.«,dw,,he."jSSS?ybysnXThe^ 
sm(aglaBroda9al„.no«»it.rtnoof;hejigh,3o|J»^^^^ 

Examp/e3 

whose diameter was 1 ,.m. The pH of the solut.on wILw^^ bymeansof a filter having holes 
1 ,000m( Of the resulting^olution walpour?^^^^^^^ 

container being 6cms inner diameter and 40 cm l^n^h ^^ ^ o.^TEFLON (Registered Trade Mark), the 

ten days, a tubular dry gel wasobtained ^"^^ '^'^ 9®' '^^^ «'"ed at60»for 

.oI^.rerreS 

100 Cperhour.Afterthedrygei had been maintained atthetemperature of 1200°Cf«rnr/^^^ 
was vitrified. The spedfic gravity thereof was 2.20 andtheproTuct^^^ 

40 Exampfe4 

^^^^^^^^^^^^^ 

^r^i-s— ^^^^^ 
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the collimated light from a lamp was directed onto it so that the intensity of the illumination was 50 000 lu^ in . 
S Examples 

250g of ultra fine particle silica (Aerosil 200) xvas scattered into 500ml of pure water and this sol solution 

Jurry was exposedto irradiation byultrasonicwaves of 28KHzfortwohoursSr^^^^^^^ 

o the Slurry wh.ch had a high viscosity, was poured into a container (5cm inne diam^^^^^^^ 

°/P°'ypropyemeandhavingalidwithopeningsamountingto2%ofthesurfacearef^^^^^^^ 
10 slurry was dried at 60X forten days, a white porous dry gel was obtained ""^''^ ^'^^ ^^'^ 

xJ^^'^iV^^ "^^^ ^^^"V' ^ displacement fumaceand heated to 1 100"C atthe rate of 60°C oer hour 
When thetemperature became 1 100X. pure helium gas was introduced intothefurnace at a flo^raW^ 
U/mm,andthedrygelwasheatedto1WCattherateof1400'Cforonehour,a1th^;j^^^^^^^^^ 

ocposedtoth.,rrad,Monofte„rl,ahtv,h<>..™„l.ngthwas0.e33m.n„sc;tt.ri„g« 
BcampleB 

25 Zirconiapowderswerelaidonatungstenplate(15cmx 15cm x 0.2cm)sothatthethicknesstharaof«i«« 
about 1 mm^A silica glass plate obtained by closing the pores in the dry gel by th "same S^^^^^^^^^ 
imn T^'l^lT'' '"^ ""'^"^'^'^ Introduced into a tungsten heating "rSSje-Al^erthrfi^^^^^^^^^ 

°" 000 C per hour, and was then further lowered to room temperature at a cooling rate of 1 00»C oer hour 

35StTcT^"SS^ 

Example? 

andwerTmSL!:I!^'r^®^°^ 

rtt '. "^^^ concentrated to 1 000ml in total volume by using a rotary evaporator 40 

mixture of 760mi of ethyl silicate and 250ml of 0.02 normal hydrochloric acid solution The resultina solution 
45 " tl""''"^'"'^"^ with the sol solution obtained above, and then filtered by a S havlS^^^^^ 
45 diameter was 1 micron. Afterthe pH of the solution had been adjusted to 4.2 with 0.1 norSmmoiSwa^^^ 45 
acentrifugaliorceoflSOOGwasappliedfortenminutestoremivelargeparticleSlcT^^^^^^ ' 
■n^eresultingsolutionwasthenfilteredagalnbymeansofafilterhaving holes whosedia 
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50 X 3^ fsS^lTeSt mal'^In'^ " " ""^"'^f of homogenity was poured into a container (30cm 
rrfthfT y^"'^' height n>ade of polypropylene, the container having a lid with openings amountina to 0 5% 
tndlZ l.d. Whenthis sol solution was dried at a temperature of 60-Cfor JTnTda^ aw^^^^ 

and porous dry gel was obtained (22cm X 22cm X 0.9cm) "oriwentyaays.awnite 

flow rate n??//m1^)'?hLH^^ u ^ ^ 

flow rate of 2^/min. The dry gel was heated to 700''C atthe rate of 60°C per hour and maintained at mn'rf^r 
thenthedrygel was maintained atWC. 1 100»Cand 1200-Cfortenhours respectively Vi?if?(Stion^^^^ 

ri'5^^^?o3;™ 

SO 20rxTmTTtl«s^^^^^^^^^^^^ 
sSxint^r^^ 

if 1 ?nn^r T ^"'^ maintained atthls temperature forfive minutes. The temperature was then lowered 
The graphite plate was not fused with thesilicaglass plate and the flatness of thesilica glass platewas 65 



65 
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d.rectedontoilsothatthemtensityofmumiSnl^^^^^ 

points were detected. When the transmittance of ul7ravioirt linht tK however, no reflectance 

5 forawave,engthof200nmormore,thet!^.nsml^^^^^^^^^^^^ 

was observed. consrantiy so /o or more and no specific absorption 



Examp/e8 



15 



20 



25 



30 



35 



10 stilrl^Sr^S^^^ 

olosn QS.102) were added little by lit«e to the above solution w^' hT' ''"^ Particle silica (Re- io 

tolrradi8tionbyultrason.-cwavesof28KHzfortw^hoCp^«^^rr^^ 

1 500G had been applied forten inutSto remoTeJhP '^"J^Pf'^'^'^ °f 20-C. After a centrifugal force of 

meansofafilterhavingholesw^^seSmeteTwari mi^c^^^ 
15 adjustedto4.2w.th 0.1 normal ammonia 

minutes and the sol solution SXLred bTme^^^^^^^^^ 
1 100ml of the resulting sol solution havinoTwoh H^ori holes whose diameter was 1 micron. 

widthandSOcmlengthxiScmheiZySSf^^^^^^^^^ 
'•ngto0.5o/oofthesurfaceareaofth?Sd.When^^^^^^^ 
20 a white and porous dr/ gel was obtained ""^'^ at a temperature of eO'C for 20 days. 

ra;'or2aT:rcrrreXrnS^^^^^^^^^ 

200°C, 300-C and 500°Cforthree hours retpectivelv Helium^« i''®'-''""''*''^ "'^^ maintained at 

whose specific gravity was 2.20. ^ was thus completed so as toproduce a silica glass plate 

Carbonpaperasthickas0.3mmwaslaidonagraphiteDlatef20cmx5n^rr,vi » -r^ -. 
was mounted thereon and the assembly was introduced i>,to aSit k T- Z""^' ^'^^^ P'^*® 

IfOO-^-AftertheresultingsilicaglasspratewLsmal^te^^^^^^ 
30 glass plate was moved into a cold chamber ^nd coo 2d tn!ll^ temperature forten minutes, thesllica 

was found in the Silica glass Plate, the^nca g^alr^^^^^ 
hour and then the temperature was lowered attheSeSf100^?n^^^^ 

flatness thereof was accurateto less thanrimm '^ "°''*®'*°'®'"°^^*^^ 

35 coirrSsis;;L%^ir^^^^^^^^ 

room. However, no reflectance poinTs werrdeterte? en th. t^^^^ of .nummat.on was 50.000 lux in the dark 
snica glass plate was measured?or a wreTefgth^^^ 

more and no specific absorption was observe? ' ^ was constantly 85%or 

40 Examples 

wal;iaSd:''aXsd^^^^^^^^ 
2€/min.Thetemperature'inthefumacersaTse^^^^^ 

temperature of 700°Cfor20 hours Helium aas in^tf.^H«f*trL • C and was maintained atthe 

45 rate of 2€/min, and then the temoeratu eTn?h^ ft.fn?. dry air was introduced into the furnace ataflow 

1000^forfivehours,respeJrely.r^^^^^^ 
porousdrysinteringgelvSasobtaWd'rhosesre'w^^^^^^^^^^^ 

sinrn^rb^atXt^^iS?^ x 1cm, andthesaid 

50 graphite heating furnace. Wh lemaintaininaa r^d^^^^ assembly being placed ina 

usingarotarypLp.thetemSureSZfu^^^^^^ 
peraturewasthenraWedto13M'CaTah?atf^^^^^^^ 
oflSOOXforonehour.Atthistemperatur^S^^ 

Peraturetherein being raisedto1750Xataheatinq7^^^^^ 
55 peratureforSOminutes. "'^^^"^^""S'^^^^o^^OO^Perhourandmaintainedatthelattertem- 

obtained had no observed fractu es orSs Si^^^^ ^-^^"^ 
^ 9lasspIatewasheatedtol200-Cand^^^^^^^^ 
«» 'oweredattherateoflOOXperhoufi^errenJo^^^^^^^ 

co2;Sd"lS£?lrm%^w2SS7or^^^^^^^^ ^ - 0.12inchandthen 

room. However, no reflecta^e points terrdeteS^^^^^^^ 50.000 luxin a dark 

obtained without crystals and distnrtfnTwi«„ tK^^^^ Optically a very high-quality silica glass platewas 

55 measured,fortheXtngthoSmor^^^^^^ 

a or more, the transmittance was constantly 90% or more and no 65 
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specific absorption was observed. 

Example 10 



♦hf ^'^'^n-^^''^ resulting silica glass plates was mirror-polished into a plate of 6 inch x 6 inch x 0 2 inrh a„H 
Example 11 

Afterthe pH of the resulting solution had been ad^Sied to 4 8 J^tTo^ ntm^^^^^^ '"T""- 

3770ml of the highly homogeneous sol solution obtained above was poured into a container <6rm innor 
diameter J 50cm length) such as an aluminium tubecoated with TEFLON S 

anSoTfS^^^^^^^^^ 
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Example 12 




temperature of 20-C, and after a centrifugal force of of 28KH2fortwo hours at a 5 

part,clesnica.,hesolsolutionwasfilteredbyrneans^^^^^^^^ 
The pH of the highly homoaenem.s ««i -ullr " '"'."'"""^ "O'es wnose dianrjeter was 1 micron. 

ammonia water. 700ml of the resulting solution was SurpH^t was adjusted to 4.2 with 0.1 normal 

10 height)madeofpolypropyfeneandha,J3idSon^l^ 

Whenthissolsolut/oLSrgelledanddTedaa^ 10 
gel was obtained. remperature of 60 C forseven days, a white and porous dry 

rat^L'^fSS^cC^^^^^^ 

15 by"smgarotarypumpandthen,whilemaintaTni^rthrpres^^^ 

rate of 100°C per hour. Afterthe dry gel was maintXpH «t?K ♦ ' ® ""^'sed to 1300'C atthe 15 

of the dry gel occurred. The diameTefan7thSr^Sss /h^^^^^^^^ °^ ' ^^^^^^^^ 

ThesilicaglassplatesoobtainedwarradonTJonc"^ 
cms, and this assembly was placed in a araohite (,^1^.^ graphite member having a radius of curvature of 30 

20 with N,gas.thetempeLure wa?raisedTo fs^O^^^^^^ 

temperatuj^fortenminutes.ThetemperaturewasthTniowe7ed^^^^^^^ 20 
hour.andthetemperaturewasfurtherlowerGdtomnmtor » Cata cooling rate of ICOO'C per 

unfform silica glass member whose Shape wSl LT^^^^^ 
andopticallyhighqualitysiiicaglasswasXirler 

Example 13 25 

Asilica glass plate (1 5cm diameter, 0.5cm thickness) wa«! B;r,t«.r=^ • 
asin Example 1.2andwasintroduced intoTgriphi^^^^^^^ 

then placed in a graphite heating furnace havinq a hotor^^^ therein. The silica glass plate was 

30 replaced byN,gas.thetempera?urewasrat.eSto1^^^^^^^^^ 

forfiveminutes.Afterthis,thesilicagiassplaSwaspresse^^^^^^ 30 
members, thetemperature was lowered to 1200^cLtSr^e of 1^ 

to room temperature atthe rate of lOO'C perhour Perhour, and was thereafter lowered 

^"-♦--elyhigh-pua.itysilicaglassmemberwasobtainedwhoseshapewaslikeacrucible. 

Example 14 35 

<5 pomts of lights were detected with the naked eye ilX surfa^. Somesmall 
Example IS 

pomts were detected. ' '"■nanon was 50,000 lux m a dark room. However, no reflectance 

Example 16 

minutes. When thetemperaturew^loSStoriT^^^^^ 
55 camewhitebycrystalization *°''~'"*^'"P^"*"^®'»''esurfaceofthesilicaglassplatebe- 

Whentheresu.tingsi,icag,assplatewasmirror-po.ishedtoformaplateof6inch(15.24cms,x6inch(15.24 
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10 



cms) X 0.1 2 inch (0.30 cms) collimated light was directed onto it so that the intensity of illumination was 
50,000 lux in a dark room, a light spot was clearly visible. Moreover, reflectance points of various sizes were 
visible in the giass. 

5 Example 17 , 5 

Asilica glass plate (15.5cm x 15.5cm x 0.6cm) obtained by closing pores in a dry gel by the same method as 
in Example 7 was placed in a graphite heating furnace. After the furnace atmosphere had been replaced with 
argon gas, the temperature was raised to 2300°C rapidly and then lowered to room temperature. There was 
little silica glass left in the furnace. 
10 10 
Example 18 

A white and porous dry gel obtained by drying by the same method as in Example 4 was heated to 1300°C in 
the atmosphere so thatatransparentsiiicaglass plate wasobtained whose size was 10cm x 10cm x0.5cm. 
Inclusions whose diameter was about 1 0 microns and blow holes were detected in the plate. The silica glass 
15 plate was placed in a graphite heating furnace. After this, the furnace atmosphere was replaced with N2gas 15 
and maintained at a temperature of 1 SOO'^C for ten minutes. Since violent bubbling occurred in the silica glass, 
the volume of the glass was increased threefold. 

As mentioned above the present invention provides an improved silica glass member so far as its optical 
quality is concerned, the glass or glass precursor preferably being heated to 1 500**C to 2000X and maintained 
20 at this temperature for a predetermined period of time in the sol-gel method. 20 
It IS desirable to close the pores in the dry gel in an helium atmosphere under the reduced pressure In order 
to prevent bubbling. However, the present invention is not limited to a particular method of preparing the soi 
or a particular method of heating. Furthermore, this invention can be applied to articles of various shapes. 
The present invention enables even silica glass made by the sol-gel method to be used not only forthe silica 
25 su bstrate of an IC Mask of a support tube for optical communication fibres but also to be used forthe mother 25 
rod for optica! communication fibres, and so on. 

CLAIMS 

30 1. A method of preparing a silica glass member, comprising the steps of: 30 
drying a sol solution containing a silica compound so as to form a dry gel, 
obtaining a glassoraglassprecursor member by closing pores in said dry gel, and 

obtaining a silica glass member by heating said glass or glass precursor memberto a selected temperature 
substantially in the range between 1 500 and 2200''C and maintaining said glass or glass precursor at said 
35 temperaturefora predetermined period of time. 35 

2. A method as claimed in claim 1, wherein said sol solution is obtained by hydrolyzing alkyi silicate with 
water and with an acid or basic reagent. 

3. A method as claimed In claim 1 , wherein said sol solution is obtained by mixing together at a pred- 
etermined mixing ratio a solution of alkyI silicate hydrolyzed with an acid reagent and a solution Including 

40 particulate silica obtained by hydrolyzing alkyI silicate with a basic reagent. 40 

4. A method as claimed in claim 1 , wherein said sol solution is obtained by mixing together at a pred- 
etermined mixing ratio a solution of alkyI silicate hydrolyzed with an acid reagent and particulate silica. 

5. A method as claimed in claim 1 , wherein said sol solution Is obtained by diffusion particulate silica Into 
water or into an organic solvent at a predetermined ratio. 

45 6. A method as claimed in any ofclaims 3-6 in which the partlculatesilicahasa mean particle diameter 45 
between 0.01 and 1.0 microns. 

7. A method as claimed In any preceding claim, wherein the pores in said dry gel are closed by sintering 
said dry gel in an He atmosphere. 

8. A method as claimed in any ofclaims 1-6 wherein the pores in said dry gel are closed by sintering the 

50 dry gel under a reduced pressure. 50 

9. A method as claimed in any of claims 1 -6, wherein the pores in said dry gel are closed by sintering the 
dry gel under a reduced pressure after the dry gel has been processed in an He atmosphere. 

10. A method as claimed in any preceding claim, wherein a gas burner Is used for heating said glassor 
glass precursor memberto the said selected temperature. 

55 11, A method as claimed in any ofclaims 1 -9, wherein the glass or glass precursor member is heated to 55 

the said selected temperature by meansof a high temperature furnace having a graphite, a tungsten or a 

molybdenum heating element. 
12. A method as claimed in any of claims 1-9, wherein the glass orglass precursor member is heatedto 

the said selected temperature by meansof a high temperature continuous heat-treating furnace. 
50 13. A method as claimed in any ofclaims 1 -9, wherein the glass or glass precursor member is heated to 50 

the said selected temperature by means of a hig h temperature gas furnace in which the combustion of 

hydrogen or a hydrocarbon gas is used as a heat source. 
14. A method as claimed In claim 1 1 or 1 2, wherein spacer means are provided between the glass or glass 

precursor memberand a support therefor. 
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15. A method as claimed in claim 14, wherein said spacer means is constituted by carbon powder, carbon 
fibres or paper-like or fabric-like material obtained by processing carbonftbres. 

16. A method as claimed in claim 1 4 wherein said spacer means is constituted by a powder which is hard 
to sinter. 

5 1 7. A method as claimed f n claim 1 5 in which the said powder is alumina, zirconia, or silicon nitride. g 

18. Amethodasclaimed in any of claims 14 to 17 wherein a number of said glass orglass precursor 
members are simultaneously heat-treated while mounted on said spacer means. 

1 9. A method as claimed in any preceding claim, wherein said glass or glass precursor member is moun- 
ted by using a casting of desired configuration when said glass orglass precursor member is heated to the 

10 said selected temperature, 

20. A method as claimed in any of claims 1 -1 8 wherein said glass or glass precursor member is moulded 
to a desired configuration by subjecting said member to an external force when said glass or glass precursor 
member is heated to the said selected temperature. 

21 . A method as claimed in any preceding claim, wherein, after the glass or glass precursor member has 
15 been heated to the said selected temperature, it is cooled to room temperature in a plurality of stages, the 

cooling rate being smaller in at least one of said stages than in another stage or stages. 

22. A method of preparing a silica glass member substantially as described in any of the Examples 1 -1 5. 

23. Asilica glass member when made by the method of any preceding claim. 



24. Any novel integer or step, or combination of integers or steps, hereinbefore described and/or shown 
20 in the accompanying drawings irrespective of whetherthe present claim is within the scope of, or relates to 
the same or a different invention from that of, the preceding claims 
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